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FOUR COLOR LIQUID CRYSTAL DISPLAY AND PANEL THEREFOR 



BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a liquid crystal display and a panel therefor / 
and in particular, to a four color liquid crystal display. 

(b) Description of Related Art 

Generally, a liquid crystal display (LCD) includes a liquid crystal panel 
assembly including two panels provided with two kinds of field generating electrodes 
such as pixel electrodes and a common electrode and a liquid crystal layer with 
dielectric anisotropy interposed therebetween. The variation of the voltage difference 
between the field generating electrodes, i.e., the variation in the strength of an electric 
field generated by the electrodes changes the transmittance of the light passing 
through the LCD, and thus desired images are obtained by controlling the voltage 
difference between the electrodes. 

The LCD includes a plurality of pixels with pixel electrodes and red (R), green 
(G) and blue (B) color filters. The pixels are driven to perform display operation by 
way of the signals applied thereto through display signal lines. The signal lines 
include gate lines (or scanning signal lines) for carrying the scanning signals, and data 
lines for carrying data signals. Each pixel has a thin film transistor (TFT) connected to 
one of the gate lines and one of the data lines to control the data signals applied to the 
pixel electrode. 

The usual LCD representing one dot by the three RGB colors pixels involves 
poor optical efficiency. Specifically, the color filters for the respective RGB pixels 
transmit only one thirds of the light incident thereupon, and hence, the optical 
efficiency is deteriorated. 

In the meantime, the LCD is made by assembling one panel including the 
color filters and the common electrode and the other panel including the pixel 
electrodes and the TFTs with interposing the liquid crystal layer between the panels. 
When assembling the panels, the color filters and the pixel electrodes are aligned with 
each other and thus a predetermined alignment margin is required. Accordingly, a 



black matrix for blocking light leakage between the pixels is required to be widened in 
consideration of the alignment margin, which decreases aperture ratio. 

SUMMARY OF THE INVENTION 

A liquid crystal display is provided, which includes white pixels as well as 
red, green and blue pixels. The liquid crystal display includes a thin film transistor 
array panel including a plurality of color filters as well as a plurality of thin film 
transistors. 

A thin film transistor array panel is provided, which includes: an insulating 
substrate; a plurality of thin film transistors formed on the substrate; a plurality of 
three primary color filters formed on the substrate; a plurality of first pixel electrodes 
formed on the color filters and connected to the thin film transistors; and a plurality of 
second pixel electrodes formed on the substrate and connected to the thin film 
transistors, wherein the second pixel electrodes do not overlap the color filters. 

The panel may further include an organic insulating layer including a 
plurality of first portions disposed between the color filters and the first pixel 
electrodes and a plurality of second portions disposed under the second pixel 
electrodes and having thickness larger than the first portions. 

Alternatively, the panel may further include a plurality of transparent filters 
disposed under the second pixel electrodes, which may include transparent 
photosensitive material or acrylic material. 

The panel may further include comprising an inorganic insulating layer 
disposed between the color filters and the thin film transistors, between the organic 
insulating layer and the thin film transistors, or between the transparent filters and the 
thin film transistors. 

The three primary colors may include red, green and blue, and the first pixel 
electrodes include third, fourth and fifth pixel electrodes located under the red, green 
and blue color filters, respectively. 

According to an embodiment of the present invention, the first and the second 
pixel electrodes are sequentially arranged in a direction. 

According to another embodiment of the present invention, the first and the 
second pixel electrodes are arranged in a plurality of 2x3 matrices, each 2x3 matrix 
having a first row including third, fifth and fourth pixel electrodes arranged in 



sequence and a second row including fourth, second and third pixel electrodes 
arranged in sequence. 

According to another embodiment of the present invention, the first and the 
second pixel electrodes are arranged in a plurality of 2*2 matrices, each 2*2 matrix 
5 having a first row including third and fourth pixel electrodes arranged in sequence and 

a second row including fifth and second pixel electrodes arranged in sequence. 

A liquid crystal display is provided, which includes: a first substrate; a 
plurality of gate lines formed on the first substrate; a gate insulating layer formed on 
the gate lines; a semiconductor layer formed on the gate insulating layer; an ohmic 

10 contact layer formed on the semiconductor layer; a plurality of data lines formed on 

the gate insulating layer and intersecting the gate lines to define a plurality of pixel 
areas; a first protective layer formed on the data lines; a plurality of red, green and blue 
color filters formed on the first protective layer; a first protective layer formed on the 
color filters; a plurality of pixel electrodes formed on the second protective layer and 

15 electrically connected to the gate lines and the data lines through the semiconductor 

layer; a second substrate facing the first substrate; a common electrode formed on the 
first substrate; and a liquid crystal layer interposed between the first substrate and the 
second substrate, wherein the pixel areas include a plurality of white pixel areas 
having no color filter. 

20 The second passivation layer may include a plurality of first portions 

disposed on the color filters and a plurality of second portions disposed on the white 
pixel areas and thicker than the first portions. 

Alternatively, the liquid crystal display may further include a plurality of 
transparent filters formed between the first protective layer and the second protective 
25 layer and disposed in the white pixel areas. 

The liquid crystal layer may have a vertical alignment with respect to the first 
and the second substrates, and the liquid crystal display may further include a 
plurality of protrusions formed on the common electrode and made of organic material, 
wherein the pixel electrodes have cutouts. 
30 Alternatively, the liquid crystal layer may have a twisted alignment. 

The liquid crystal display may further include a black matrix disposed on the 
first substrate and defining the pixel areas. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more apparent by describing embodiments 
thereof in detail with reference to the accompanying drawings in which: 

Fig. 1 is a cross sectional view of an LCD according to an embodiment of the 
5 present invention; 

Figs. 2 to 4 illustrate pixel arrangements for LCDs according to embodiments 
of the present invention; and 

Fig. 5 is a sectional view of an LCD according to another embodiment of the 
present invention. 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
inventions are shown. 

In the drawings, the thickness of layers and regions are exaggerated for clarity. 

1 5 Like numerals refer to like elements throughout. It will be understood that when an 

element such as a layer, region or substrate is referred to as being "on" another element, 
it can be directly on the other element or intervening elements may also be present. In 
contrast, when an element is referred to as being "directly on" another element, there 
are no intervening elements present. 

20 Now, LCDs according to embodiments of this invention will be described in 

detail with reference to the accompanying drawings. 

Fig. 1 is a cross sectional view of an LCD according to an embodiment of the 
present invention, and Figs. 2 to 5 illustrate color filter arrangements of LCDs 
according to embodiments of the present invention. 

25 As shown in Fig. 1, the LCD includes a lower panel, an upper panel facing the 

lower panel, and a liquid crystal layer 3 interposed between the lower panel and the 
upper panel and containing liquid crystal molecules aligned in a predetermined 
direction. The LCD may further include upper and lower polarizers (not shown), 
upper and lower compensation films (not shown), and a backlight unit (not shown). 

30 The liquid crystal molecules vary in their orientations under the application of electric 

fields. The transmittance of the light is changed depending upon the orientations of 
the liquid crystal molecules. 
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The lower panel includes a lower substrate 110 preferably made of a 
transparent insulating material such as glass, a plurality of thin film transistors (TFTs) 
formed on the lower substrate 110, a plurality of pixel electrodes 190 connected to the 
TFTs, preferably made of a transparent conductive material such as indium tin oxide 
5 (ITO) and indium zinc oxide (IZO), and having a plurality of cutouts 191, and a 

plurality of red, green, blue and transparent color filters 230R, 230G, 230B and 230W 
formed under the pixel electrodes 190. The red, green, blue color filters 230R, 230G 
and 230B may be substituted with other kind of three primary color filters. 

The upper panel includes an upper substrate 210 preferably made of a 

10 transparent insulating material such as glass, a black matrix 220 defining a plurality of 

pixel areas arranged in a matrix and formed on the upper substrate 210, a common 
electrode 270 preferably made of a transparent conductive material such as ITO and 
IZO formed on the black matrix 220, and a plurality of protrusions 280 preferably 
made of organic material and formed on the common electrode. 

15 Liquid crystal molecules in the liquid crystal layer 3 are aligned such that 

their major axes are perpendicular to surfaces of the substrates 110 and 210 in absence 
of electric field. The liquid crystal layer 3 has negative dielectric anisotropy such that 
the major axes of the liquid crystal molecules tend to align perpendicular to electric 
fields generated by the pixel electrodes 190 and the common electrode 270. 

20 The cutouts 191 of the pixel electrode 190 and the protrusions 271 on the 

common electrode 270 make the electric fields have horizontal components 
substantially parallel to the surfaces of the substrates 110 and 210, thereby providing a 
plurality of domains in a pixel region of the liquid crystal layer 3. The domains may 
be classified into four types depending on the tilt directions of the liquid crystal 

25 molecules contained therein and they widen the viewing angle of the LCD. 

The red, green, blue and transparent color filters 230R, 230G, 230B and 230W 
are arranged in turn. The transparent color filters 230W equally intercept or pass all 
the components of incident light and they may be made of organic material. 

In this specification, the term "pixel" indicates a basic functional element for 

30 displaying images, which includes a pixel electrode 190, a portion of the common 

electrode 270 opposite the pixel electrode 190, a portion of the liquid crystal layer 3 
located between the pixel electrode 190 and the corresponding portion of the common 
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electrode 270, a TFT, and a color filter 230R, 230G, 230B or 230W. In addition, the 
term "pixel area" means the area occupied by a pixel. However, for convenience of 
description, the two terms "pixel" and "pixel area" will not be distinctly used in this 
specification. 

5 Referring to Figs. 2-4, the sizes of the red, green, blue and white pixels areas R, 

G, B and W are equal, but each of the blue pixel areas B and the white pixel areas W 
may be smaller than each of the red pixel areas R and the green pixel areas G, for 
example, its size may be equal to about half of that of the red pixel area R or the green 
pixel area G. 

10 Referring to Fig. 2, the numbers of the red, green, blue and white pixels areas 

R, G, B and W are equal. The red, green, blue and white pixel areas R, G, B and W are 
arranged in turn along the row direction. 

Referring to Fig. 3, a 2^3 pixel matrix including identical pixels forms a dot 
which is a basic unit of an image, and thus the number of the blue pixels B and the 
15 white pixels W is half of that of the red pixels R and the green pixels. The first pixel 

row includes red, blue and green pixels arranged in sequence, and the second pixel 
row includes green, white and red pixels arranged in sequence. 

Referring to Fig. 4, a 2x2 pixel matrix including identical pixels forms a dot, 
and thus the numbers of the red, green, blue and white pixels R, G, B and W are equal. 
20 The first pixel row includes red and green pixels arranged in sequence, and the second 

pixel row includes blue and white pixels arranged in sequence. 

In these configurations, since one dot includes red, green, blue and white 
pixels, the optical efficiency is improved without increasing the total area of the dot. 

Assume that the amount of the light entering the liquid crystal layer 3 after 
25 passing through the lower polarizer is one. 

For a dot including three pixels, i.e., red, green and blue pixels, the area of 
each pixel is one thirds of the total area of the dot. Since the light transmittance of the 
color filter is one thirds, the total light transmittance of the dot is equal to 1/3 xl/3 + 
1/3 x 1/3 + 1/3 x 1/3 = 1/3 « 33.3%. 
30 For a dot shown in Fig. 2 or Fig. 4, the area of each pixel is one fourths of the 

total area. Since the light transmittance of the white pixel is one, while that of the 
other pixels is one thirds, the total light transmittance of the dot equals to 1/4 x 1/3 + 
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1/4 x 1/3 + 1/4 x 1/3 + 1/4 x l = 1/2 « 50%. Accordingly, the brightness is increased 
to be about 1.5 times compared with a conventional three-color LCD. 

The area of each of the blue pixel and the white pixel is designed to be smellier 
than the red pixel or the green pixel for maintaining an area occupied by a dot to be 
fixed. Since the transmittance of the white pixel is about three times that of the other 
pixels, the white pixel having an area equal to only one thirds of another pixel has the 
transmittance equal to another pixel. In the meantime, since the variation of the 
amount of the blue light is relatively insensitive to a person compared with red and 
green light, the influence of the areal reduction on the image quality is relatively small. 

Now, the lower panel of the LCD is described more in detail with reference to 

Fig.l. 

Referring to Fig. 1, a plurality of gate lines (not shown) extending 
substantially in a transverse direction and including a plurality of gate electrodes 121 
are formed on an insulating substrate 110, and a gate insulating layer 140 is formed 
thereon. 

A plurality of semiconductors 154 preferably made of amorphous silicon are 
formed on the gate insulating layer 140 opposite the gate electrodes 121, and a plurality 
of ohmic contacts 163 and 165 preferably made of amorphous silicon heavily doped 
with n type impurity are formed on the semiconductors 154. 

A plurality of data lines (not shown) extending substantially in a transverse 
direction and including a plurality of source electrodes 173 and a plurality of drain 
electrodes 173 and 175 are formed on the ohmic contacts 163 and 165 and the gate 
insulating layer 140. The source and the drain electrodes 173 and 175 are disposed on 
the ohmic contacts 163 and 165, respectively. 

A first protective layer 801 preferably made of stable material such as silicon 
nitride is formed on the data lines, the drain electrodes 175 and exposed portions of the 
semiconductors 154. 

A plurality of red, greed, blue and transparent color filters 230R, 230G, 230B 
and 230W are formed on the first protective layer 801 and adjacent color filters 230R, 
230G, 230B and 230W partly overlap each other. The transparent color filters 230W 
may be made of transparent photosensitive material or acrylic material. 



A second protective layer 802 preferably made of organic material having 
good flatness characteristic is formed on the color filters 230R, 230G, 230B and 230W. 

The first and the second protective layers 801 and 802 and the color filters 
230R, 230G, 230B and 230W have a plurality of contact holes 181 exposing the drain 
5 electrodes 175, and a plurality of pixel electrodes 190 connected to the drain electrodes 

175 through the contact holes 181 and preferably made of ITO or IZO. 

A plurality of contact holes (not shown) exposing portions of the gate lines 
and the data lines may be provided at the gate insulating layer 140, the first and the 
second protective layers 801 and 802, and the color filters 230R, 230G, 230B and 230W. 
10 In addition, a plurality of contact assistants (not shown) may be provided at the contact 

holes to connect the gate lines and the data lines to external driving devices and to 
protect exposed portions of the gate lines and the data lines. 

For a reflective LCD, the pixel electrodes 190 are preferably made of reflective 
metal such as Al or Ag. 

15 Since the red, green, blue and transparent color filters 230R, 230G, 230B and 

230W are provided under the pixel electrodes 190 in the TFT array panel, the margin 
for aligning the upper panel and the lower panel is reduced. Therefore, the width of 
the black matrix 220 can be reduced to increase the aperture ratio. 

In addition, the transparent color filters 230W enable to maintain the cell gap 

20 constant, thereby preventing the disclination lines generated by the height difference in 

absence of the transparent color filters 230W and optimizing the response time of the 
liquid crystal molecules. 

Fig. 5 is a sectional view of an LCD according to another embodiment of the 
present invention. 

25 Referring to Fig. 5, an LCD according to this embodiment includes a lower 

panel, an upper panel facing the lower panel, a liquid crystal layer 3 interposed 
between the lower panel and the upper panel and containing liquid crystal molecules 
aligned in a twisted manner. The LCD may further include upper or lower polarizer 
(not shown), upper and lower compensation films (not shown), and a backlight unit 

30 (not shown). The liquid crystal molecules vary in their orientations under the 

application of electric fields. The transmittance of the light is changed depending 
upon the orientations of the liquid crystal molecules. 



The lower panel includes a lower substrate 110 preferably made of an 
insulating material such as transparent glass, a plurality of TFTs formed on the lower 
substrate 110, a plurality of pixel electrodes 190 connected to the TFTs and preferably 
made of a transparent conductive material such as ITO and IZO, and a plurality of red, 
5 green and blue color filters 230R, 230G and 230B formed under the pixel electrodes 190. 

Each TFT includes a gate electrode 121, a gate insulating layer 140, a 
semiconductor island 154, a pair of ohmic contacts 163 and 165, and source and drain 
electrodes 173 and 175, which are sequentially formed on the substrate 110, and it is 
covered with first and second protective layers 801 and 802. The color filters 230R, 
10 230G and 230B are interposed between the first protective layer 801 and the second 

protective layer 802. 

As shown in Fig. 5, the lower panel shown in Fig. 5 includes no transparent 
color filter. Instead, portions of the second protective layer 802 in white pixel areas 
have larger thickness than other portions thereof to make the height difference of the 
1 5 surface of the second protective layer 802 less than about 0.2 microns. Accordingly, 

the cell gap for all pixels is nearly uniform, and the lower panel is manufactured by 
relatively simple process compared with that shown in Fig. 1 since the step of forming 
a transparent color filter 230W is omitted. 

The upper panel includes an upper substrate 210 preferably made of a 
20 transparent insulating material such as glass, a black matrix 220 defining a plurality of 

pixel areas arranged in a matrix, and a common electrode 270 preferably made of a 
transparent conductive material such as ITO and IZO. 

The configurations of the white pixels shown in Fig. 1 and Fig. 5 may be 
exchanged. In addition, the black matrix 220 shown in Figs. 1 and 5 may be disposed 
25 on the lower panel, preferably between the first protective layer 801 and the second 

protective layer 802. 

Meanwhile, a plurality of photolithography steps are introduced in 
manufacturing the TFT array panel, and the use of a photo mask having translucent 
areas as well as transparent and opaque areas reduce the number of photolithography 
30 steps. Several layers having different patterns can be made by using a photoresist 

film having position-dependent thickness made by using the photo mask. For 
instance, the semiconductors 154, the ohmic contacts 163 and 165, and the source and 
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the drain electrodes 163 and 165 are formed by using such a photoresist film, and thus, 
the TFT array panel can be completed using less masks compared with the case using 
photo masks having only transparent and opaque areas. In this case, the source and 
the drain electrodes 163 and 165, and the ohmic contacts have substantially the same 
planar shape, and the semiconductors 154 except for the channel region has 
substantially the same planar shape as the source and the drain electrodes 163 and 165. 

As described above, the provision of the filters on the TFT array panel 
increases the aperture ratio, and the transparent color filters or thick portions of the 
protective layer enable to maintain the cell gap constant, thereby preventing the 
disclination lines generated by the height difference and optimizing the response time 
of the liquid crystal molecules. 

Although preferred embodiments of the present invention have been 
described in detail hereinabove, it should be clearly understood that many variations 
and/ or modifications of the basic inventive concepts herein taught which may appear 
to those skilled in the present art will still fall within the spirit and scope of the present 
invention, as defined in the appended claims. 
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